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(57)Abstract: 

PROBLEM TO BE SOLVED: To improve acceleration of a vehicle and 
comfortableness in ride by reducing frequency of occurrence of 
slipping/skidding of a drive shaft wheel. 

SOLUTION: The electric rolling stock controller performs adhesion control 
which regulates torque if detecting slipping or skidding of an electric rolling 
stock, and later restores the torque. It monitors slipping or skidding of the 
drive shaft wheel, and if it detects the slipping or skidding, it calculates the 
maximum value of slipping velocity of the drive shaft wheel relative to a rail 
based on the vehicle velocity estimated from the rotational-speed signal of 
a motor and the rotational-speed signal of the motor. The adhesion factor 
is acquired from a pre-set function Y=-AX+B (A and B are constants) in 
which X is maximum slipping velocity and Y is adhesion factor. A drive 
torque is regulated if slipping or skidding is detected. When calculating a 
target value to which the drive torque is later restored, the target value to 
which a torque is restored is raised if the adhesion factor is large, while the 
target value to which the torque is restored is made smaller if it is small. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] In the electric-rolling-stock control unit which performs readhesion control to which racing or a skid of electric rolling 
stock is detected, torque is extracted, and torque is returned after that A racing / skid detection means to detect racing or a 
skid of a driving shaft wheel from the rotational frequency signal of a motor, Whenever [ car-body-speed / which carries out the 
presumed operation of whenever / car-body-speed / from the rotational frequency signal of said motor ] A presumed means, 
When said racing / skid detection means detects racing or a skid, from the rotational frequency signal of whenever [ car-body- 
speed / for which a presumed means asks whenever / said car-body-speed ], and said motor A maximum sliding-velocity 
operation means to calculate the maximum (the maximum sliding velocity) of sliding velocity to the rail of a driving shaft wheel, 
An adhesion multiplier operation means to ask for an adhesion multiplier by function Y=-A-X+B (A, B constant) beforehand set 
up to sliding-velocity X of the adhesion multiplier Y by setting said maximum sliding velocity to X, When calculating the desired 
value to which racing or a skid is detected, driving torque is extracted, and driving torque is returned after that, It is the electric- 
rolling-stock control unit characterized by having the torque return desired value actuation means which enlarges desired value 
to which torque is returned according to the adhesion multiplier calculated with said adhesion multiplier operation means when an 
adhesion multiplier is large, and makes small desired value to which torque is returned when small. 

[Claim 2] In the electric-rolling-stock control unit which performs readhesion control to which racing or a skid of electric rolling 
stock is detected, torque is extracted, and torque is returned after that A racing / skid detection means to detect racing or a 
skid of a driving shaft wheel from the rotational frequency signal of a motor, Whenever [ car-body-speed / which carries out the 
presumed operation of whenever / car-body-speed / from the rotational frequency signal of said motor ] A presumed means, 
Whenever [ car-body-speed / for which a presumed means asks whenever / said car-body-speed / when said racing / skid 
detection means detects racing or a skid ], and a sliding-velocity operation means to calculate the sliding velocity to the rail of a 
driving shaft wheel from the rotational frequency signal of said motor, When detecting racing or a skid, extracting a torque 
command and returning a torque command after that, The electric-rolling-stock control unit characterized by having a torque 
command actuation means to stop the motion to which it detects having become beyond the value to which the sliding velocity 
calculated with said sliding-velocity operation means was set beforehand, and a torque command is returned, and to hold the 
torque command value at the event. 

[Claim 3] The electric-rolling-stock control unit characterized by making the function of the adhesion multiplier Y to maximum 
sliding-velocity X to the rail of a driving shaft wheel when racing or a skid occurs into Y=A/(X+B) (A, B constant) in an electric- 
rolling-stock control unit according to claim 1. 

[Claim 4] The electric-rolling-stock control unit characterized by setting the function of the adhesion multiplier Y to maximum 
sliding-velocity X to the rail of a driving shaft wheel when racing or a skid occurs to Y=-A-X2+B (A, B constant) in an electric- 
rolling-stock control unit according to claim 1. 

[Claim 5] It is the electric-rolling-stock control unit characterized by resetting racing / skid detection signal if it becomes below 
a threshold with the speed difference of the wheel which will set racing / skid detection signal if the threshold in which said 
racing / skid detection means has the acceleration or deceleration of a wheel in an electric-rolling-stock control unit according 
to claim 1 is exceeded, and is driven by the adjustable electrical-potential-difference variable frequency method, and other 
wheels. 
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JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the electric-rolling-stock control unit which has the description in the 

readhesion control at the time of racing and a skid. 

[0002] 

[Description of the Prior Art] The example of readhesion control at the time of racing and the skid in the conventional electric- 
rolling-stock control unit is shown in drawing 12 . two or more rotational frequency detectors 103 of a motor 102 driven with a 
power converter 101 — each rotational frequency signal is changed into a speed signal by the rate operation part 104. In racing / 
skid detection section 105 r the rate rate of change of a speed signal is searched for, and racing and a skid are distinguished 
based on the rate rate of change. Torque drawing and the return operation part 106 calculate and output the amount of torque 
drawing, or the amount of returns according to this racing / skid distinction signal. The torque command pattern output section 
107 outputs a torque command pattern. An adder 108 adds the output of tolyl drawing and the return operation part 106, and the 
output of the torque command pattern output section 107 (here, it subtracts), and outputs them as a converter torque command. 

[0003] Drawing 13 explains these motions by making the time of racing into an example, an event — t11 — the flag of racing/ 
skid detection — setting — readhesion control — starting — Event t — racing / skid detection was canceled to 12 — then, a 
torque command — the first-order lag of after that and a time constant tau — the original command value qO It returns. 
[0004] At this time, before returning [ that the adhesion of a rail and a wheel has declined, and ] to the original command value 
qO, it re-races (event t13), and readhesion control is performed again (event t14), and a torque command curve becomes likely to 
have shown in the alternate long and short dash line A of drawing 13 . 
[0005] 

[Problem(s) to be Solved by the Invention] As mentioned above, in the readhesion control at the time of racing and the skid by 
the conventional electric-rolling-stock control unit, when the adhesion of a wheel declined by rainy weather etc., the event of 
racing -> re-adhesion -> racing was repeated frequently, and there was a trouble which causes acceleration performance 
degradation and lowering of a degree of comfort as electric rolling stock. 

[0006] This invention was made in view of such a conventional trouble, reduces the occurrence frequency of racing and a skid, 
and aims at offering the electric-rolling-stock control unit which can aim at improvement in the acceleration engine performance 
and a degree of comfort. 
[0007] 

[Means for Solving the Problem] In the electric-rolling-stock control unit which performs readhesion control to which invention 
of claim 1 detects racing or a skid of electric rolling stock, and extracts torque, and torque is returned after that A racing / skid 
detection means to detect racing or a skid of a driving shaft wheel from the rotational frequency signal of a motor, Whenever 
[ car-body-speed / which carries out the presumed operation of whenever / car-body-speed / from the rotational frequency 
signal of said motor ] A presumed means, When said racing / skid detection means detects racing or a skid, from the rotational 
frequency signal of whenever [ car-body-speed / for which a presumed means asks whenever / said car-body-speed ], and said 
motor A maximum sliding-velocity operation means to calculate the maximum (the maximum sliding velocity) of sliding velocity to 
the rail of a driving shaft wheel, An adhesion multiplier operation means to ask for an adhesion multiplier by function Y=-A~X+B 
(A, B constant) beforehand set up to sliding-velocity X of the adhesion multiplier Y by setting said maximum sliding velocity to X. 
When calculating the desired value to which racing or a skid is detected, driving torque is extracted, and driving torque is 
returned after that, According to the adhesion multiplier calculated with said adhesion multiplier operation means, when an 
adhesion multiplier is large, desired value to which torque is returned is enlarged, and when small, it has the torque return desired 
value actuation means which makes small desired value to which torque is returned. 

[0008] In the electric-rolling-stock control unit which performs readhesion control to which invention of claim 2 detects racing or 
a skid of electric rolling stock, and extracts torque, and torque is returned after that A racing / skid detection means to detect 
racing or a skid of a driving shaft wheel from the rotational frequency signal of a motor, Whenever [ car-body-speed / which 
carries out the presumed operation of whenever / car-body-speed / from the rotational frequency signal of said motor ] A 
presumed means, Whenever [ car-body-speed / for which a presumed means asks whenever / said car-body-speed / when said 
racing / skid detection means detects racing or a skid ], and a sliding-velocity operation means to calculate the sliding velocity 
to the rail of a driving shaft wheel from the rotational frequency signal of said motor, When detecting racing or a skid, extracting a 
torque command and returning a torque command after that, The motion to which it detects having become beyond the value to 
which the sliding velocity calculated with said sliding-velocity operation means was set beforehand, and a torque command is 
returned is stopped, and it has a torque command actuation means to hold the torque command value at the event. 
[0009] Invention of claim 3 is characterized by making the function of the adhesion multiplier Y to maximum sliding-velocity X to 
the rail of a driving shaft wheel when racing or a skid occurs into Y=A/(X+B) (A, B constant) in an electric-rolling-stock control 
unit according to claim 1. 

[0010] Invention of claim 4 is characterized by setting the function of the adhesion multiplier Y to maximum sliding-velocity X to 
the rail of a driving shaft wheel when racing or a skid occurs to Y=-A-X2+B (A, B constant) in an electric-rolling-stock control 
unit according to claim 1. 

[001 1] In an electric-rolling-stock control unit according to claim 1 , invention of claim 5 will set racing / skid detection signal, if 
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said racing / skid detection means exceeds a threshold with the acceleration or deceleration of a wheel, and if it becomes below 
a threshold with the speed difference of the wheel currently driven by the adjustable electrical -potential-difference variable 
frequency method, and other wheels, it will be characterized by to reset racing / skid detection signal. 
[0012] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained in full detail based on drawing. 
Drawing 1 shows the configuration of the 1st of the gestalt of operation of this invention. The torque command operation part 1 
calculates the torque command Ts according to the notch command of a driver's stand. Racing / skid detection section 2 
detects racing or a skid from the rate of each driving shaft of electric rolling stock, and outputs racing / skid detection signal. 
The maximum velocity operation part (MAX) 3 calculates the maximum of the rate of each driving shaft. The minimum rate 
operation part (MIN) 4 calculates the minimum value of the rate of each driving shaft. The presumed section 5 presumes the rate 
minimum value empty vehicle object rate which MIN4 calculated whenever [ car-body-speed ]. An adder 6 calculates the 
difference of the maximum velocity calculated by MAX3, and the minimum speed calculated by MIN5 as sliding velocity between a 
wheel and a rail. 

[0013] The maximum s lid ing-velo city operation part 7 calculates maximum sliding-velocity X while racing / skid detection signal 
detected in racing / skid detection section 2 is outputted. The adhesion multiplier operation part 8 calculates the adhesion 
multiplier Y from the maximum sliding velocity calculated by the maximum sliding-velocity operation part 7. The torque command 
latch section 1 1 latches the torque command before racing in the standup of racing / skid detection signal detected by racing / 
skid detection section 2. 

[0014] A multiplier 9 searches for T micro of adhesion from the adhesion multiplier Y for which the adhesion multiplier operation 
part 8 asked, and the torque command before racing which the torque command latch section 1 1 latched. An adder 10 deducts T 
micro of adhesion which this multiplier 9 outputs from the torque command Ts which the torque command operation part 1 
calculated, and calculates amount of drawing deltaTadh at the time of adhesion. While racing / skid detection signal detected in 
racing / skid detection section 2 is outputted, the amount change-over switch 14 of drawing of the preceding paragraph of the 
rate-of-change limiter 15 which outputs amount of drawing **T changes to the torque command Ts side, and amount of drawing 
**T which the rate-of-change limiter 15 outputs begins an increment toward the torque command Ts. 

[0015] On the other hand, the OFF delay timer (OFFTD) 12 gives the off-delay of fixed time amount to racing / skid detection 
signal which racing / skid detection section 2 outputs. Then, if racing / skid detection signal is outputted from racing / skid 
detection section 2, this off-delay signal will change the output of the adhesion output change-over switch 13 to **Tadh as an 
adhesion maintenance signal. For this reason, if racing / skid detection signal from racing / skid detection section 2 is lost, 
amount change-over SUITCHI 14 of drawing will change to the output side of the adhesion change-over switch 13, the input of 
the rate-of-change limiter 15 will serve as **Tadh, and amount of drawing **T will decrease to *>£Tadh with a certain inclination. 
[0016] Then, since an adhesion maintenance signal is canceled after fixed OFF delay time after racing / skid detection signal is 
canceled, the output of the adhesion change-over switch 1 3 is set to 0, and amount of drawing **T decreases with a certain 
inclination to 0. 

[0017] The driving torque command Tref is the value which deducted **T which the rate-of-change limiter 15 outputs from the 
torque command Ts which the torque command operation part 1 outputs with an adder 16. For this reason, if racing / skid 
detection section 2 detects racing, while racing / skid detection signal is outputted, it will decrease with a certain inclination, and 
it will return to Tmicro of adhesion with a certain inclination whose racing / skid detection signal is lost, and actuation of racing / 
skid detection signal being lost and returning to the original value after fixed time amount will be carried out. 

[0018] Drawing 2 shows the detailed configuration of the presumed operation part 5 whenever [ in drawing 1 / car-body-speed ]. 
The acceleration operation part 21 calculates whenever [ acceleration-and-deceleration / of the minimum speed inputted from 
the minimum rate operation part (MIN) 4 ]. Whenever [ by racing and skid / steep acceleration-and-deceleration ] is stopped with 
the first-order-lag filter 22, and a stable presumed rate is obtained by integrating an integrator 24. The acceleration amendment 
section 26 searches for a difference with the minimum speed inputted as the presumed rate which an integrator 24 outputs, and 
amends the acceleration which the acceleration operation part 21 outputs in an adder 23, and it prevents the presumed rate 
which an integrator 24 finds being greatly different widely from a minimum speed. 

[0019] In the minimum value operation part (MIN) 25, when a presumed rate prevents becoming larger than a minimum speed and 
becomes large about it, an integrator 24 and the first-order-lag filter 22 are preset so that estimate may be [ whenever / car- 
body-speed ] in agreement with a minimum speed. 

[0020] Drawing 3 shows the example of the adhesion multiplier operation expression which the adhesion multiplier operation part 
8 in drawing 1 performs. When the time of rail desiccation is set to 1.0, sliding-velocity X is X>X0. In a field ,-izing can be carried 
out [ function ] in Y=-A-X+B. In an artificer's experimental result, X0 =0.25 km/h, A= 0.09, and B= 0.83 are obtained. 
[0021] Drawing 4 and drawing 5 show the experimental data which measured the relation between the adhesion at the time of 
transit, and the sliding velocity between a rail and a wheel on the conditions which sprinkled the wheel. About these averages, the 
property which changed the value at the time of rail desiccation as 1.0, and plotted it to sliding velocity becomes like the graph of 
drawing 3 . 

[0022] Next, actuation of the gestalt of the above-mentioned operation is explained using drawing 6 . if racing / skid detection 
signal occurs by racing / skid detection section 2 at the t2 event, the driving torque command value Tref at the event be alike 
torque command latch section 11 — it is latched as Li Treflatch. Then, the amount of torque drawing is made to increase with a 
certain inclination by the adhesion multiplier operation part 8, and the driving torque command Tref is reduced. The maximum 
sliding velocity X1 until racing / skid detection signal is canceled at the t3 event It calculates by the maximum sliding-velocity 
operation part 7, and is the output Y1 of the adhesion multiplier operation part 9. It is operation **** by the property of drawing 
3 . Namely, the maximum sliding velocity X1 Adhesion multiplier Y1 It is the adhesion multiplier Y1 to driving torque Treflatch 
which was set to Y1 =-A-X1+B and was latched at the time of racing / skid detection. It hangs and calculates by Tmu=Y1 and 
Treflatch. 

[0023] If racing / skid detection signal is canceled at the t3 event, in order that the output of the adhesion multiplier operation 
part 9 may decrease toward adhesion **Tadh, as shown all over drawing, the driving torque command Tref goes up toward T 
micro. In other words, a wheel re-adheres to a rail and a torque command value when racing / skid detection signal is canceled 
turns into a value of T micro which applied the adhesion multiplier to the torque command value when detecting racing. 
[0024] According to the gestalt of operation of the 1st of this invention, since adhesion is calculated from the maximum sliding 
velocity before a torque command return, setting out of the resetting value of the driving torque command in consideration of the 
adhesion condition between the newest rail and wheel is attained. 
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[0025] Next, the gestalt of operation of the 2nd of this invention is explained using drawing 7 . In drawing 6 , the same sign is 
given to the element which was shown in drawing 1 and which is common in the gestalt of the 1st operation. The elements which 
were shown in drawing 1 and which were added to the gestalt of the 1 st operation are the return torque attaching part 1 7, the 
sliding-velocity buildup detection section 18, and a logical circuit 19. 

[0026] The return torque attaching part 1 7 has the function to stop reduction of the amount of torque drawing with a return stop 
signal. The sliding-velocity buildup detection section 18 similarly added detects buildup of the maximum sliding velocity which the 
maximum sliding-velocity operation part 7 outputs, and outputs a sliding-velocity buildup detection signal, and a logical circuit 19 
calculates AND of the NOT signal and sliding-velocity buildup detection signal over the adhesion maintenance signal of the OFF 
delay timer 12. Although the return torque attaching part 17 serves to stop reduction of the amount of torque drawing with a 
return stop signal, this return stop signal is a signal materialized on condition that the AND of there not being a sliding-velocity 
buildup detection signal which is the output of a logical circuit 19, and an adhesion maintenance signal. 

[0027] Thereby, after racing / skid detection, since a return stop signal is not outputted until an adhesion maintenance signal is 
lost, the adhesion based on the multiplier calculated by the adhesion multiplier operation part 8 is secured. In an artificer's 
experimental result, the result that the delay time of OFFTD12 when the threshold of which the threshold of the sliding velocity 
which outputs a return stop signal cancels 0.5 km/h and a return stop signal holds 0.3 km/h and an adhesion maintenance signal 
is desirable for 3 seconds is obtained. 

[0028] Actuation of the gestalt of the 2nd operation is explained using drawing 6 like the gestalt of the 1st operation. If an 
adhesion maintenance signal is lost at the t5 event and the amount of torque drawing begins reduction, driving torque will go up 
and racing will be again begun at the t6 event which become beyond the adhesion between a rail and a wheel. Sliding velocity 
rises and the actuation which decreases the amount of torque drawing is suspended at the t7 event which become beyond the 
set value which outputs a return stop signal. Then, a driving torque command begins lifting again at the t8 event from which 
sliding velocity becomes below the reset value of which a return stop signal is canceled. 

[0029] Since according to the gestalt of operation of the 2nd of this invention sliding velocity is supervised and the increment in 
a torque command is controlled, sliding velocity increases and it can prevent that racing and a skid occur again. 
[0030] Next, the gestalt of operation of the 3rd of this invention is explained using drawing 8 . Y=A/(X+B) as shown in the graph 
of drawing 8 can be made to perform the operation [ in / on the gestalt of the 2nd operation, and / the adhesion multiplier 
operation part 8 ] of the adhesion multiplier Y which was shown in drawing 1 and to which it was shown in the gestalt or drawing 
7 of the 1st operation. Thereby, it is the maximum sliding velocity XI. Adhesion multiplier Y1 </SUB> is calculated by Y1 =A/ 
(X1+B). However, A and B are constants. 

[0031] Drawing 8 is a graph at the time of considering as B=A. According to this drawing 8 , an adhesion multiplier becomes small 
by reverse proportion mostly, so that the maximum sliding velocity increases. 

[0032] Next, the gestalt of operation of the 4th of this invention is explained using drawing 9 . Y=-A-X2+B (A, B constant) as 
shown in the graph of drawing 9 can also be made to perform the operation [ in / on the gestalt of the 2nd operation, and / the 
adhesion multiplier operation part 8 ] of the adhesion multiplier Y which was shown in drawing 1 and to which it was shown in the 
gestalt or drawing 7 of the 1 st operation. Thereby, it is the ****** Berry rate X1. Adhesion multiplier Y1 It calculates by Y1 =-A- 
X1 2+B (A, B constant). 

[0033] Drawing 9 is the case where it is referred to as B— 1.0. According to this drawing 9 , an adhesion multiplier becomes small 
in proportion to the 2nd [ about ] power, so that the maximum sliding velocity increases. 

[0034] Next, the gestalt of operation of the 5th of this invention is explained using drawing 10 . Drawing 10 shows the detailed 
configuration of racing / skid detection section 2 which transposes to each racing / skid detection section 2, and can be adopted 
as it in the electric-rolling-stock control unit of the gestalt of the 2nd operation which was shown in drawing 1 and which was 
shown in the gestalt of the 1st operation, and drawing 7 . 

[0035] Racing / skid detection section 2 of the gestalt of this operation shows the case where No.1 shaft is driven by VWF 
(adjustable electrical-potential-difference variable frequency method). The acceleration of No.1 shaft is calculated by the 
acceleration operation part 31, and the output is inputted into racing / skid detection comparator 32. This comparator 32 will 
output "H", if the acceleration inputted is over the detection threshold of racing and a skid, and it sets it to S input of racing / 
skid detection signal creation flip-flop 35. Consequently, racing / skid detection signal which is the output of a flip-flop 35 is set 
to "H." 

[0036] Estimate is incorporated whenever [ car-body-speed / for which the presumed section 5 asks whenever / car-body- 
speed / on the other hand from the rate minimum value of the No.1 shaft rate which the minimum rate operation part 4 outputs - 
the No.4 shaft rates ], and a difference with estimate, i.e., sliding velocity, is searched for a No.1 shaft rate and whenever [ this 
car-body-speed ] in an adder 33. Racing / skid discharge comparator 34 inputs the sliding velocity which this adder 33 outputs. 
And a comparator 34 will set "H" to R input of racing / skid detection signal creation flip-flop 35, if sliding velocity is a value 
below racing / skid signal discharge threshold. Consequently, racing / skid detection signal which is the output of a flip-flop 35 is 
set to "L" 

[0037] Drawing 1 1 shows the racing / skid detection approach by the racing operation part 2 of drawing 10 . If No.1 shaft races 
and the acceleration becomes more than racing / skid detection threshold, racing / skid detection signal will be set to "H." If 
No.1 shaft re-sticks and the difference of a No.1 shaft rate and whenever [ car-body-speed ], i.e., sliding velocity, becomes 
below racing / skid signal discharge threshold, racing / skid detection signal will be set to 1." According to this operation, re- 
adhesion can be detected certainly and re-racing can be prevented rather than it performs racing / skid detection only with 
acceleration. 
[0038] 

[Effect of the Invention] By this invention, the re-adhesion property at the time of racing and a skid can be improved, racing / 
skid frequency can be reduced, and the acceleration engine performance and degree of comfort as electric rolling stock can be 
raised. 

[0039] In the electric-rolling-stock control unit which performs readhesion control to which racing or a skid of electric rolling 
stock is detected, torque is extracted, and torque is especially returned after that according to invention of claims 1, 3, and 4 
When racing or a skid of a driving shaft wheel is supervised and racing or a skid is detected From the rotational frequency signal 
of whenever [ car-body-speed / which was presumed from the rotational frequency signal of a motor ], and a motor, calculate 
the maximum of sliding velocity to the rail of a driving shaft wheel, and the maximum sliding velocity is further set to X. By 
function Y=-A-X+B (A, B constant) beforehand set up to sliding-velocity X of the adhesion multiplier Y Or Y=A/(X+B) (A, B 
constant), Or it asks for an adhesion multiplier by Y=-A-X2+B (A, B constant). When calculating the desired value to which racing 
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or a skid is detected, driving torque is extracted, and driving torque is returned after that, Since desired value to which torque is 
returned was enlarged, and it was made to make small desired value to which torque is returned when small when this adhesion 
multiplier was large Setting out of the resetting value of the driving torque command in consideration of the adhesion condition 
between the newest rail and wheel is possible, the re-adhesion property at the time of racing and a skid can be improved, 
racing / skid frequency can be reduced, and the acceleration engine performance and degree of comfort as electric rolling stock 
can be raised. 

[0040] Moreover, according to invention of claim 2, it sets to the readhesion control to which racing or a skid of electric rolling 
stock is detected, torque is extracted, and torque is returned after that. Detect racing or a skid of a driving shaft wheel from the 
rotational frequency signal of a motor, and the presumed operation of whenever [ car-body-speed ] is carried out from the 
rotational frequency signal of a motor. When racing or a skid is detected, from the rotational frequency signal of whenever [ car- 
body-speed ], and a motor Calculate the sliding velocity to the rail of a driving shaft wheel, detect racing or a skid, and a torque 
command is extracted. Since the motion to which it detects having become beyond the value to which sliding velocity was set 
beforehand, and a torque command is returned is stopped and the torque command value at the event was held when returning a 
torque command after that Sliding velocity can be supervised, the increment in a torque command can be controlled, sliding 
velocity increases, and it can prevent that racing and a skid occur again. 

[0041] Furthermore, since racing / skid detection signal was made reset according to invention of claim 5 when becoming below 
a threshold with the speed difference of the wheel which will set racing / skid detection signal if a threshold with the acceleration 
or the deceleration of a wheel is exceeded, and is driven by the acjjustable electrical-potential-difference variable-frequency 
method, and other wheels, re-adhesion can be detected certainly and re-racing can protect rather than it carries out racing / 
skid detection only at acceleration. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The block diagram of the gestalt of operation of the 1st of this invention. 

[Drawing 2] It is the block diagram of the presumed section whenever [ in the gestalt of the above-mentioned operation / car- 
body-speed ]. 

[Drawing 3] The graph of the operation expression which adhesion multiplier operation part uses in the gestalt of the above- 
mentioned operation. 

[Drawing 4] The graph which shows the actual measurement of the adhesion and sliding velocity in water spray conditions in the 
gestalt of the above-mentioned operation (the 1 ). 

[Drawing 5] The graph which shows the actual measurement of the adhesion and sliding velocity in water spray conditions in the 
gestalt of the above-mentioned operation (the 2). 

[Drawing 6] The timing chart which shows actuation for the readhesion control property of the gestalt of operation of the 1st of 
this invention, and the gestalt of the 2nd operation. 

[Drawing 71 The block diagram of the gestalt of operation of the 2nd of this invention. 

[Drawing 8] The graph of the operation expression which adhesion multiplier operation part uses in the gestalt of operation of the 
3rd of this invention. 

[Drawing 9] The graph of the operation expression which adhesion multiplier operation part uses in the gestalt of operation of the 
4th of this invention. 

[Drawing 1 0] The block diagram of racing / skid detection section in the gestalt of operation of the 5th of this invention. 
[Drawing 1 1] The timing chart of racing / skid detection actuation by the gestalt of the above-mentioned operation. 
[Drawing 1 21 The block diagram of the configuration of the conventional example. 
[Drawing 1 31 The timing chart which shows justice actuation of the conventional example. 
[Description of Notations] 

1 Torque Command Operation Part 

2 Racing / Skid Detection Section 

3 Maximum Velocity Operation Part 

4 The Minimum Rate Operation Part 

5 It is Presumed Section whenever [ Car-Body-Speed ]. 

6 Adder 

7 The Maximum Sliding- Velocity Operation Part 

8 Adhesion Multiplier Operation Part 

9 Multiplier 

10 Adder 

1 1 Torque Command Latch Section 

12 OFF Delay Timer 

13 The Amount Change-over Switch of Drawing 

14 Adhesion Change-over Switch 

15 Rate-of^Change Limiter 

16 Adder 

1 7 Return Torque Attaching Part 

18 Sliding-Velocity Buildup Detection Section 

19 Logical Circuit 

31 Acceleration Operation Part 

32 Racing / Skid Detection Comparator 

33 Racing / Skid Discharge Comparator 
35 Flip-flop 
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